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HIGHWAY TUNNELS IN WESTERN STATES 


BY THE REGIONAL OFFICE, UNITED STATES BUREAU OF PUBLIC ROADS! 
UNNELING is one of the oldest construction activ- 


ities of man. The Assyrians constructed a tunnel 

under the Euphrates River with a cross section 12 
feet wide by 15 feet high. The Romans employed tun- 
nels in their highways. Near Naples a 3,000-foot tunnel 
was excavated and the lighting problem was given skill- 
ful attention. The width of the tunnel was about 21 
feet throughout, but the height was increased from 25 
feet at the center to 75 feet at the portals, thus to a 
degree aiding its illumination in daylight. In the 
Middle Ages tunneling continued in fortification works 
and in aqueducts, of which the Languedoe and St. 
Quentin canals in France are outstanding examples. 

Modern times have witnessed the construction of a 
great many railroad and water tunnels. The outstand- 
ing railroad tunnel is the Simplon connecting Italy and 
Switzerland through the Alps, and is 12.4 miles long. 
It was bored under great difficulties, one of the main 
obstacles being the heat that resulted from the excessive 
depth of cover. Other important railroad tunnels are 
the Mount Cenis, France to Italy; St. Gothard, in 
Switzerland; Hoosac, in Massachusetts; Rogers Pass, in 
British Columbia; and the Moffat, in Colorado. 

The greatest advances in modern tunneling methods 
were achieved through the introduction of compressed 
air and the development of high explosives. 

Modern traffic demands highways that can be tray- 
eled with speed and safety. In the mountainous parts 
of the west provision is being made for speeds of 45 to 
50 miles per hour, and economy in design Ls as resulted in 
the construction of some 35 tunnels. Table 1 gives 
dimensions, and design details. Figures 1 and 2 
illustrate typical cross sections of these tunnels. 

Ventilation problems have not developed in most of 
these tunnels, as nearly all of them are less than 1,000 
feet long. Consideration had to be given to ventilation 
in the East Rim Road tunnel in Zion National Park, 
5,613 feet long; in the Wawona tunnel in Yosemite 
National Park, 4,233 feet long; and in the Broadway 
Low Level tunnel, between Alameda and Contra Costa 
Counties, Calif., 3,203 feet long. 

The numerous galleries introduced for ventilation in 
the East Rim Road tunnel served the further purpose 
of affording the traveler incomparable vistas. These 
valleries solved the ventilation problem, but with addi- 
tional cost for heavier lining. The faces of the cliffs in 


cost, 


Zion National Park are vertical, and are of extreme 
height. They are composed of sandstone in horizontal 
beds. These faces undergo extreme temperature changes 


d constantly expand and contract, thus developing 
ti mperature relief joints. These joints or cracks are 
both normal and parallel to the faces of the cliffs and 
extend back some distance from the face. A tunnel 
located well back from the face would undoubtedly be 
in entirely self-supporting rock, requiring less lining but 
more artificial ventilation. 

‘he Tooth Rock tunnel in Oregon, is a model in 
landseape finish and lighting. The four-lane tunnel 
on the north approach. to the Golden Gate Bridge, 
an the double-deck, six-lane Yerba Buena Island 
tunnel connecting the San Francisco-Oakland Bay 

ridges are interesting to American engineers because 





‘This report was prepared by engineers of the regional office of the Bureau in San 
neiseo, Calif., with special assistance as noted. 
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the German system of 
excavation. (See fig. 3.) 

Operations in the Broadway tunnel were of special 
interest. During construction, temporary timber sets 
that gave signs of distress, were reinforced solidly for 
full depth by cement mortar applied by means of 
pneumatic cement gun.? Louvers introduced in this 
project for light diffusion by forming a transition at 
the portals were also unique. 

The Willamette tunnel in Oregon, 
length, is bored upon a curve of 4°36’, the curved inner 
sidewalk being taken into consider ation in providing 
adequate sight distance. This design differs from the 
usual practice in the west of locating tunnels on tan- 
gents, although in the Broadway tunnel reverse curves 
are incorporated at the ends in order to spread the 
spacing of the bores from 15 feet at the portals to 
100 feet for the major portion of their lengths. The 
spacing is essential in twin bore tunnels as a_ safety 
provision in blasting during construction. Steel lining 
for highway tunnels was first used in the west in the 
Ventura-Maricopa tunnels. 


headings was used in their 


while of moderate 


TUNNELS HAVE SEVERAL ADVANTAGES OVER OPEN-CUT 


CONSTRUCTION 

It has been the policy of the Bureau to consult with a 
geologist regarding the rock formations that can be 
expected to be encountered in the construction of major 
tunnels. The geologists’ advice should be followed as 
to the extent and character of preliminary exploration 
work. On a few tunnels the practice has been to open 
the faces as a part of the location work, and in one 
instance short preliminary headings were excavated to 
determine the uniformity of the material. 

Where the geologist is in doubt, a preliminary classi- 
fication using the seismographic method is warranted. 
The obtaining of seismographic profiles should reduce 
the-number of exploration borings to a minimum. 

The question of whether to construct a tunnel or an 
open cut at a particular location should be decided 
only after careful study of the probable costs of con- 
structing and maintaining each. Three principal 
advantages of tunnels over open cuts are: 

Tunneling generally enables better location and 
design by reducing curvature and length and hence 
contributes to highway safety. 


2. If special facilities for ventilation and lighting 
are not required, tunneling reduces maintenance 


costs and in any 
moval costs. 

3. Tunneling reduces scar 
eliminates erosion. 

The necessity of portal structures is a major factor 
in determining the minimum length of tunneling where 
critical depths of cover are encountered. Assuming 
the average cost of portals to be $4,000 each, with the 
critical depth of cover between 80 and 100 feet the 
economical minimum length of tunnel, depending upon 
average excavation and lining costs, would be in excess 
of 80 feet. 

“Pneumatically applied mortar’’ is a mixture of portland cement and sand, 
nies dry in proportions of 1 sack of cement to 4 cubic feet of sand. It is forced by 


air through a flexible tube to a nozzle where the mixture is hydrated and discharged 
by pneumatic pressure against the surface being treated. 


event practically eliminates snow re- 


(a landscape item), and 
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FicgurRE 3.—THE YERBA BUENA ISLAND TUNNEL, CALIFORNIA, 
ILLUSTRATING THE GERMAN METHOD OF TUNNELING. 


For short tunnels on tangents the brief time required 
to pass through the tunnel and the infiltration of light 
from the portals remove the necessity for lighting at 
the portals. 

Where tunnels 1,500 feet or longer are required, or 
where vertical curves which might create gas pockets 
are encountered, provision must be made for ventila- 
tion. It has been the policy of the Bureau of Public 
Roads to consult with the United States Bureau of 
Mines on ventilation problems in the design of the 
major tunnels it constructs. Natural ventilation, from 
differencesin barometric pressure, is generally unreliable. 
However, carbon monoxide, which is the principal gas 
that must be removed from tunnels, is lighter than air, 
and when heated is much lighter than cool air. It 
therefore tends to flow upward along the top of the 
tunnel, especially if the location is on a continuous 
grade. 

Under usual conditions a composite * car will exhaust 
carbon monoxide on grades of 4 percent or less at a 
rate of 1.5 cubic feet per minute per car. Assuming 
2 cubic feet per minute and assuming 2 parts in 10,000 
to be the maximum concentration allowable, provision 


> The ‘‘composite’’ car used in the design of a tunnel ventilation system should be 
representative of the traffic expected to use the tunnel ‘hat is, it should produce the 
same amount of contamination as the average vehicle using the tunnel 
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TABLE 1 Dimensions, costs, and other 


rUNNELS CONSTRUCTED UNDER 





\ t 
cor Mat ype of | Portal structure 
u 
4 ere ¢ Reinforced concrete Monumental rein 
forced concrete 
ere t K ed rete Monument re 
yreed concrete 
Re ed « crete Re ree ete 


must be made for supplying 5,000 cubic feet of fresh 
air per minute perear. Using ‘transverse’ ventilation, 
on tunnels over 3,000 feet long, considerable tunne! 
space Is required for the large air ducts needed to prov ide 
for the peak traffic. In transverse ventilation the 
fresh air is blown in through duets having ports, 
generally at the same elevation as the seats of passenge! 
cars, spaced at regular intervals along the walls, and 
exhausted through a crown duct. This system is not 
widely used in tunnels in rural locations. The trans 
verse system is not, of course, adapted to use in unlined 
tunnels. 

In the “longitudinal” ventilation system the neces 
sity of ducts is eliminated if adits or shafts can be 
strategically introduced as provided, for example, in the 
design of the Wawona tunnel in Yosemite National 
Park. In this ventilation system provision is made to 
exhaust the contaminated air at a point or points along 
the bore through shafts or adits, the fresh air entering 
through the portals or through adits or shafts acting 
in conjunction with the portals. The longitudinal ven 
tilation system can be used on any length of tunnel! 
proy ided openings are constructed at intervals not mor 
than mile apart. Under such conditions, ventilatio 
is an important economic factor in respect to both: fir 
cost of installation and operating charges 

A combination of the transverse and longitudin: 
ventilating systems might be economical in tunnels « 
moderate length where shafts and aaits are not feasibl 
Under a combination design, the gas would be exhaust: 
along a crown duct, while the fresh air would come | 
through the portals, using the roadway area. N 
additional fresh air duct would be provided as in the ec: 
of the transverse ventilation system. 

Advoeates of the transverse system claim that 1 
superior in localizing a fire by preventing the smoke 
flame from traveling along the bore. The accuracy 
this assumption is very doubtful in the case of a ma 
conflagration, since a tunnel, especially one on a gra 
would probably act as a chimney under either 
transverse or longitudinal system. Under the ab 
emergency, after all individuals had been rescued, 
fans should be stopped to avoid possible heat dan 
to the fans and other equipment. Stopping the f:"s 
would also help to smother the fire. <A better co 


probably would be the installation of fire doors. 
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PERMANENT LINING FREQUENTLY NEEDED IN TUNNELS 


In adopting a cross section for tunnels, even in self- 
supporting rock formations, experience indicates that 
sufficient area should always be provided for a minimum 
thickness of lining 

In adopting across section for rural tunnels, it must be 
borne in mind that excavation fora tunnel in rock forma- 
tion will, in general, cost about $5 per cubie yard. Also, 
a vertical clearance of 14 feet is desirable. This vertica|! 
clearance generally makes it economical to design witli 
a semicircular intrados section with the springing lines 
from 3 to 5 feet above the pavement grade. This form 
of section allows space for at least 3-foot sidewalks with 
no infringement of clearance on traffic lane widths. 

At best, lighting conditions at tunnel portals are not 

ideal and ample roadway is, therefore, essential. Some 
of the older vehicular tunnels have meager widths 
The travelway of the East Rim Road tunnel in Zion 
Nation Park (see figure 1) 1s only 20 feet. In newer 
tunnels the travelways are wider; for example the 
Wawona tunnel travelway is 24 feet wide; the Tooth 
Rock tunnel travelway is 26 feet wide; and the Wil 
amette tunnel, which is on a curve of 4°36’, has a 
travelway 27 feet wide. The Waldo four-lane tunne! 
has a 12-foot, four-lane travelway and one 3\4-foot side 
walk. With regard to the East Rim Road tunnel’s 
arrow section, it should be noted that the tunnel is 
vithin a National Park and the traflie moves slowly to 
ake advantage of the vistas afforded from the tunnel’s 
‘veral galleries. 

In designing timber lining sets, there is generally a 
ioice between 5 to 7 segments (see fig. 4) and the use 
fa wall plate between the posts and the first segments 
Vhere sets are not to be removed when permanent 
ling is placed, wall plates should be omitted. In 
ound that requires driving with side headings at the 
ringing lines (see fig. 5) it is generally easier to keep 
e segments true to section if side plates are used 

iese plates are difficult to remove when setting posts 

the core is excavated, and should be omitted if 
issible. 

\lud sills are generally needed under the footings of 
posts, but where posts are notched into rock formations, 
blocks to give uniform bearing are equallyserviceable. 
Their function is to provide even bearing and prevent 
Kicking in at the bottom. It has been the general 
practice to design sets with untreated timber, using 
\2- by 12-inch material for plates, posts, and mud sills. 
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include driving, lining, pav- 
ing, ete. Constructed by Joint 
Highway District No. 13. 


S UI l il Constructed by California Toll 
ten eased | anges to $851,435 Bridge Authority and State 
Division of Highways. 
' 
Constructed by local improvement 
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Tue Arcu CapgE TUNNEL, OREGON, WITH TIMBER 


FIGURE 4. 
LINING IN PLAC! THe Lintna Sets ConsIsteD OF FIVE 
SEGMENTS, WALL PLATES, AND Posts. 


Headers, 4 by 12 inches, with 3- or 4-inch lagging are 
required. 

As a safety measure in heavy ground and as a tem- 
porary item during construction, horizontal cross struts 
or square sets are usually required. (See figs. 6 and 7.) 

Timber sets designed for the Stevens Canyon-Mount 
Rainier National Park tunnel (see fig. 2), where the sets 
were expected to serve for an extended period, con- 
sisted of 10- by 14-inch material fastened by 1- by 6-inch 
dowels at the joints. Longitudinal bracing consisted 
of 4- by 14-inch headers held with twentypenny spikes. 
The bottom of the post was set in rock channels on 
6- by 10-inch blocks 

In packing the space behind and above the timber 
lining, (see fig. 8) it is generally the practice in forest 
areas to use the class of wood available locally. Over 
permanent lining hand-placed stone is desirable. In 
large cavities, sand can easily be pumped back of the 
concrete lining if pipes are placed for this purpose 
during concreting. (See fig. 9.) Sand can also be 
placed advantageously behind steel liner plates. Where 
the rock contains open cracks or faults sand will prob- 
ably not be satisfactory, but lean concrete can be used 
to advantage. Sand was used successfully on the East 


Rim Road tunnel in a large overbreak section, and on 
the Maricopa-Ventura tunnel behind the liner plates on 
very thin sections. 

In designing tunnel linings, considerable judgment 
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TYPICAL DRILLING & SHOOTING SCHEME 
EAST FACE OF TUNNEL 

fe 

-Crown Orift or Head ng 

- Side Drifts or Heading 

Peripheral Ring 

Core 

Method of Excavation 

/ Sides and Crown drifts ex- 
tended into face 10 to 20 feet. 

2 Aeriphera/ ring progressively 
Stoped out between drifts te 
permit placing of timber lining 

3 Center core removed after 
timber lining in place 


STO y> 








TYPICAL METHOD OF WORKING 
WEST FACE OF TUNNEL 


TOOTH ROCK 
OREGON F.H, 28-A 


Figure 5.—DrRiILLIncG PLANS FOLLOWED IN THE CONSTRUC- 
TION OF THREE WESTERN HiIGHWAy TUNNELS. 


must necessarily enter into the determination of crown 
depth. In earth formations, the depth of active over- 
burden can be estimated with reasonable accuracy. 
Having determined the maximum depth of active 
overburden, the necessary thickness of lining can be 
calculated by applying the formulas used in designing 
other arch structures. E. Lauchli’s work on tunneling 
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gives a method of determining the thickness of lining 
based on measurements of crown deflection. Deflec- 
tions at the crown in most rock formations would be so 
small that other considerations, in general, determine 
the minimum thickness of lining. In earth formations, 
it is best to make a very liberal allowance for the weight 
of the overburden be carried by the lining. The 
theory of earth pressure deals with dry granular masses 
under ideal conditions, but where saturated soil is en- 
countered, indeterminable conditions develop and con- 
siderable temporary timber lining becomes necessary 
before permanent lining can be placed. Under such 
conditions the performance of the temporary timber 
lining is generally a satisfactory guide in designing a per- 
manent concrete or steel lining. 

Generally, tunnels are needed only in rock formations, 
since mountains with soil cover are usually of such easy 
slopes as to make tunneling unnecessary. Rock masses 
are generally self-supporting and lining is only required 
to support shattered areas or to protect sections through 
fault planes. 

Judgment based on experience with various geological 
formations must be used in estimating the maximum 
depth of rock fragment which might become detached 
and hence need support. Generally, 5 feet would be an 
ample depth, and if the lining is placed before fragments 
become loosened, there is quite a factor of safety by 
reason of the internal friction of the fragments before 
movement can begin. Calculations will ordinarily 
indicate a depth of lining i less than the minimum 
that can be efficiently placed by the best methods 
Using concrete, a crown thickness of 12 inches is about 
the least that can be successfully placed in tunnel linings 
A composite lining of steel plates, I-bars, and concrete, 
allows a very shallow depth of lining with a minimum 
of 8 inches at the crown. 

Considerable portions of the Wawona and East Rim 
Road tunnels were entirely self-supporting, and a mini- 
mum thickness of pneumatically applied mortar was 
used to prevent raveling and weathering on 
sections. 

The East Rim Road tunnel was originally lined with, 
pneumatically applied mortar over the self-supporting 
sections and timber was used on portions where needed 
(See fig. 1.) Later this timber showed considerabl 
distress due to the working of the cliff faces, and stee! 
members were installed in the sections having the great 
est movement. Ten-inch, 21-pound I-beams spaced 
feet between centers and set in concrete have bee! 
sufficient to prevent any further movement. 


sole 





PORTALS SHOULD HARMONIZE WITH SURROUNDINGS 


The extensive use of pneumatically applied mortar | 
the Wawona tunnel produced a very pleasing finis! 
(See fig. 10.) This treatment softened the appearan: 
of angular breakage of the rock. 

Pneumatically applied mortar is especially adapted 
irregular sections where form building would be diffie 
In one gallery of the East Rim Road tunnel, applicati 
of the mortar solved a very troublesome problem. T 
roof of this gallery, which was very irregular in conto 
over its 100-foot span, gave indication, when sound: 
that cracks were developing which might later all: 
sizeable fragments to fall. If an attempt had be 
made to fit lining forms, considerable dangerous «: ( 
expensive trimming would have been necessary, and { \¢ 
long spans would have made stress determinations vc. 5 
difficult. The plan adopted was to grout l-inch ane!wr 
These rods were spaced 5 feet 


rods to a depth of 9 feet. 
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between centers, and held by hooked ends a grillage of 
reinforcement made up of %-inch rods spaced 12 inches 
between centers. This grillage was securely imbedded 
in a 6-inch slab of mortar placed by the pneumatic 





FiGURE 6.—SQuARE Sets THAT FAILED BEcAUSE OF HEAV) 
GROUND ENCOUNTERED, IN THE Norra Paciric Fores’ 
Highway TuNNEL, IpDAHo. 
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IGURE 7.—TuHE Nortu Paciric Forest HIGHWAY 
IpAHO, SHOWING PROGRESS IN REPLACING 
witH CONCRETE LINING. 


TUNNEL, 
TIMBER SETS 


ethod. It has solved the problem economically and 
presents a very agreeable appearance. 

In wet formations provision for tunnel drainage is 
necessary. Where saturated soil cover is encountered, 
tile should be used to convey the water through to the 
portals. Grouting rock seams is generally not satis- 
lactory, but where a flow of water is present, tile should 
be laid behind the tunnel lining. 

Tile should also be laid in the subgrade beneath the 
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road surface. The area below the sidewalks is a con- 
venient location for drainage and wiring facilities. 

If water would tend to flow on the pavement into the 
portals, surface grillage drains should be located out- 
side the portals, tranverse to the tunnel axis, and com- 
plete for the entire width of roadway. 

Natural rock slopes at tunnel portals give a pleasing 
appearance, but some protective work is generally neces- 





MaARICOPA- 
Rock 
NEAT 


PLATE LINING IN 
TUNNEL, CALIFORNIA. LOWER, TOOTH 
OREGON, SHOWING A HOLE OUTSIDE THE 
Linge BeinGc FILLED wiTtH Woop. 


FIGURE 8.—UppER, STEEL 
VENTURA 
TUNNEL, 
TUNNEL 


THE 


sary, if portal structures are not used, to prevent drip 
and icicle formation which may become a traffic hazard. 

In tunnels over 1,500 feet long, where the construc- 
tion of galleries is impractical, some form of mechanical 
ventilation is necessary. In rural tunnels, the longi- 
tudinal system of ventilation will generally be found to 
be more economical. The fans should be placed far 
enough away from the roadway to be clear of any flame 
that might develop from burning oil tank wrecks. The 
exhaust adits or shafts should be so located as to draw 
gas from the upper area of the bore. 

The ventilation machinery should operate auto- 
matically under normal conditions, and there should 
also be manual controls. It should also be capable of 
reversing the direction of air currents, as is possible in 
the Wawona tunnel. 

The control room should not be within the tunnel, 
but should be located at a point where it will be quickly 
accessible in case of a fire within the tunnel. In case 
of a bad fire, the ventilation system could not be ex- 
pected to handle all of the escaping smoke indefinitely, 
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FicguRE 10.—PNEuUMATICALLY APPLIED Mortar BEING PLAcED 
IN THE WAWONA TUNNEL, CALIFORNIA. 


but only long enough to permit all travelers to escape 
from the tunnel. 

The principal function of a tunnel portal is to support 
the weaker strata generally found at the ground surface. 
Portals generally reduce the length of the bore and the 
lining. From a landscape viewpoint they are not as 
attractive as natural formations (see fig. 11). 

The portal design should be in keeping with the sur- 
rounding formations. The design of the lower portal 
to Maricopa-Ventura tunnel No. 3, while attractive 
(see fig. 12), could have been improved by introducing 
coloring material into the concrete mixture to darken 
the finish to the shade of the surrounding formations. 
The lining ring should be a shade lighter than the con- 
crete work above the extrados. 

The west portal of the Wawona tunnel (fig. 13) illus- 
trates one method of portal treatment. The smooth 
portal harmonizes with the regular, even rock slopes 
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Figure 11.—East Portrau.or tHe East Rim Roap TUNN! 
Urau. Srrone, Durasie, Native Rock at THIS FOR! 
Mape CoNstrRucTION OF A PorTAL StrucTuRE UNNEC! 
SARY 


] 


above the parapet. The curved extrados at the i 
accentuates the arched section of the tunnel, and giv: 
the appearance of stability to the portal in sympat! 
with the formation of the adjacent cliff. This uno! 
trusiveness in line may be compared with the jagg' 
appearance of the Big Oak Flat tunnel portal (fig. 14 | 
where the masonry lines give much the broken eff : 
of the shattered rock formations of the cover. TT! f 
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curved line of the parapet also carries out the scheme 
of the tunnel arch. 

The Tooth Rock tunnel portals have very pleasing 
appearances as may be observed in figure 15 and in 
the cover illustration. The arch of this tunnel is 
carried through in the curved upper line of the parapet 
The long curve of the wing walls blends into the retain 
ing walls. The slopes above the portal structure are 
to be stabilized and improved by appropriate planting 
of local shrubs. The broken lines of the masonry 
above the arch ring give the effect of informality. 

In contrast to these rural tunnel portals are the 
monumental structures of the Yerba Buena tunnel 
the San Francisco-Oakland Bay Bridge. (See fig. 16 
It was fitting that the portals of this tunnel be in keep- 
ing with the entire project. They are not too much 
dwarfed by the adjacent towers of the spans, and the 
smooth concrete harmonizes with lines of 
other parts of the project. 


the longer 
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FiGuRE 12. 
TUNNEL, ( 
{EINFORCE 


PORTAL STRUCTURE OF THE MARICOPA-VENTURA 
SALIFORNIA. THE SrrRuUCTURE Was NEEDED TO 
THE BADLY SHATTERED Native Rock. 


In the future more attention will undoubtedly be 
paid to the lighting of highway tunnels, especially at 
the portals during the brighter portion of the day. 
Good lighting is necessary as a safety measure because 
of the slowness with which the eye adapts itself to a 
change from bright light to darkness. Night lighting 
of tunnels is primarily for the benefit of pedestrians 
and need be considered only near population centers. 

The lighting system of the Broadway tunnel between 
\lameda and Contra Costa Counties, Calif., makes use 
f louver frames (see fig. 17) which gradually diffuse 
the light over a distance of 200 feet at the approaches 
f the portals. Truss frames, supported on concrete 
ide walls, span the roadway. The trusses are spaced 

approximately 34-foot centers and from their lower 
hords are suspended four lines of purlins consisting of 
2-inch, wide-flange, 22-pound I-beams. These pur- 
ns support a series of grillages. The grillages consist 
f a series of vertical and oblique aluminum vanes so 
riented that during no season of the year can the sun’s 
riys pass directly through to the roadway. Openings 

re made through the louver panels, and lighting 
its have been installed. 


IGHTING INSTALLATION IN TOOTH ROCK TUNNEL DESCRIBED 


The system serves the purpose very satisfactorily in 
the mild climate of this locality, but in a colderclimate, 
provision to handle snow would be necessary. One 
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FIGURE 13.—W!: PoRTAL OF THE WAWONA TUNNEL, CALI- 
FORNIA THE SmMoorH CONCRETE OF THE PortTaL Har- 
MONIZI WIT! HE ADJACENT Rock Faces. 





FIGURE 14 PORTAL OF 
FORNIA. ‘THE 
SHATTERED 


rHE Bia Oak Fuat 
Masonry Porrtrau 
AROUND It. 


TUNNEL, CALI- 
HARMONIZES WITH THE 


Rock 


possible means of eliminating snow would be a shed 
covering with sufficient pitch for gravity snow disposal. 
The roof could be made as transparent as desirable by 
using glass panels. 

The Tooth Rock tunnel in Oregon is the only rural 
highway tunnel in the west equipped with portal day- 
light illumination, and is of particular interest.‘ 

The illumination within the tunnel is of sufficient 
intensity to provide for safe travel at normal speeds 
in the most adverse conditions of bright sunlight. In 
the past, a serious fault of highway tunnels has been 
the hazard to traffic created by driving from bright 
daylight into darkness. 

Before the Tooth Rock tunnel was constructed, the 
Bureau of Public Roads cooperated with the State of 
Oregon in making comparative field tests of lighting 
in existing tunnels. These tests covered overhead 


4 This tunnel is described by H. D 


1 Farmer, 
States Bureau of Public Roads 


Senior Highway Engineer, United 

















Ficgure 15.—West Porta. of 
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incandescent and sodium lights with low-height, side- 
mounted fixtures with controlled beams. A system of 
overhead lighting was found to be more effective than 
side lights. The overhead lights provided a full, 
normal silhouette of vehicles that are passed in the 
tunnel, whereas the side lights illuminated the chassis 
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HiagHway TUNNEL, OREGON. 








Photo by the California Toll Bridge Authorit; 
TUNNEL, CALIFORNIA. 


only and the result was unsatisfactory for vehi 
passing at normal speeds. 

The installation was designed to provide a transiti 
from bright daylight at the portals (often in summ 
from 10, 000 to 15 ,000 foot-candles) to a suitable inten- 
sity of illumination within the tunnel. An intens 
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of 6 foot-candles at the road surface was found to be 
satisfactory. The majority of the lighting units used 
were sodium vapor luminaires. The greater economy 
of operation of sodium vapor lamps as compared with 
incandescent lamps of equal capacity was the con- 
trolling factor in their adoption. However, near the 
portals, incandescent lights were used in conjunction 
with sodium vapor fixtures to build up a high intensity 
with fewer units. In this tunnel each 1,500-watt 
incandescent lamp produces about 33,000 lumens while 
the largest sodium unit produces 10,000 lumens. 

There are in all 20 sodium vapor reflector luminaires 
of the concealed source type designed to give adequate 
and uniform pavement brightness and freedom from 
objectionable glare 

The units have the following characteristics: Straight 
series, type NA-9, 10,000 lumens, 31.4 volts, 6.6 amps 
and 195 watts. The reflectors and units are similar to 
the ones originally designed for lighting traffic 
and are manufactured from specular aluminum. 

Each unit is mounted horizontally with the major 
axis transverse to the roadway, and 18 feet above the 
pavement. The spacing of the sodium vapor 
lamps results in a uniform intensity of 6 foot-candles 
under the fixture at the roadbed. For convenience in 
relamping the luminaires a special design was worked 
out so that the units can be swung free of the concrete 
lining. Plug type absolute cut-outs have been pro- 
vided in a flush mounted box adjacent to the sodium 
luminaire for disconnecting this unit from the high 
voltage series circuit. 

All sodium luminaires are operated in a single series 
circuit (see fig. 18), part of which is short cireuited dur- 
ing the hours of darkness by means of a remote-control 
oil switch controller. A second similar controller is 
provided on the primary side of the regulating outdoor 
transformer for deenergizing the entire circuit by 
means of a low-voltage switch. This controller is 
normally open and can close only when its operating 
coil is energized; this provision is for safety. 

A comparison of power consumption shows. that 
sodium vapor lamps rated at 10,000 lumens consume 
approximately 195 watts per hour against 526 watts 
per hour for similar incandescent lamps. 

Nine incandescent units (see fig. 19), each consisting 
f seven 1,500-watt lamps and two 1,000-watt lamps 
urnish approximately 270,000 lumens and provide an 
offective transition from bright sunlight to the dimness 
f{ the tunnel. These incandescent lamp units are 

rouped as shown in figure 18 within a small area on 
he incoming traffic side of the tunnel. 
Fixtures for the incandescent lights are standard 
flectors mounted 16 feet above the roadway surface. 
‘he incandescent lights are connected by three-wire 
iultiple connections in two separate circuits supplied 
dependently by two distributor transformers located 

vaults at their respective ends of the tunnel. Con- 

ol is effected through remote-control, low-potential 

ntactors. 

The incandescent units with their concealed-source 
{\pe of reflectors give a light of high intensity at the 
portals, free from glare and well distributed. While 
‘light at all points within the tunnel is far short of 
dovlight intensity, sufficient illumination is provided 
to enable traffic to traverse the tunnel safely without 
covfusion or change in speed. 

‘he change from a high intensity 
portals durmg daylight hours to a 


circles, 


close 





the 
intensity at 


of light at 
low 
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night and vice versa is effected by an electric eve which 
operates a switch when the outside light intensity drops 
below or above 500 foot-candles. During day- 
light hours the lighting system is operated at full 
capacity except during sustained periods of dark, 
cloudy weather when the incandescent System may be 
cut out by manual controls. At night, since it is neces- 
sary only to provide lights for pedestrian traffie, no 
incandescent lights, and only one-third of the sodium 
Vapor lights, are used 


rises 
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LOUVERS OF THE 
ALIFORNIA. 


‘Nb LIGHT 
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FIGURE 17 BROADWAY 


The photoelectric relay used is a new unit recentiy 
developed employing two phototubes instead of one, 
connected in parallel and mounted behind a window. 
This installation differs from the usual one in that the 
phototubes and the relay controls are located in sepa- 
rate boxes. The phototubes are mounted in the north 
wall of the vault at the west portal and the controls 


are located within the vault 
PLAN OF OPERATIONS IN TUNNEL CONSTRUCTION DEPENDS ON 
SEVERAL FACTORS 


The lighting system has operated very satisfactorily, 
Bi several minor revisions would improve the design. 
The pendant fixtures for incandescent lights near 

the portals do not present as good appearance as would 
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properly concealed fixtures countersunk into the con- 
crete lining. A more attractive design of the sodium 
fixtures also could be devised. 

2. Probably less intensity of light at night would be 
equally effective for motor traffic, adequate for pedes- 
trians and more economical. When additional sodium 
lights were cut out at night, the resulting lighting was 
very spotty and unsatisfactory. The present lighting 
system is also somewhat objectionable to traffic leay 
ing the tunnel at night, since the intensity of illumina 
tion inside the tunnel is greater than that generated by 
headlights outside and results in a moment of deficient 

vision. A system of night lights of lower intensity, 
but spaced closer, would be more effective. 
result could be obtained by extending the illumination 
outside of the tunnel to effect a transition. This 
transition effect will be accomplished at the Tooth 
Rock tunnel when the adjacent sections of road are 
ighted in the near future. 

3. It is believed that the transition lighting during 
lavlight would be more effective if the first units were 
ocated 20 or 25 feet inside of the portal rather than 8 
‘eet as in the present installation. The reflected light 
rom the outside daylight so greatly outshines the 
rtificial light from the first units that very little benefit 

derived. 

The methods and sequence of tunnel construction 
perations depend upon the degree to which the ground 

self-supporting, free, or charged with water, and on 
ihe cross section of the tunnel. 

As the East Rim Road tunnel was only 22 feet wide 
over-all and as the sandstone formation in general was 
entirely self-supporting, a pilot tunnel 9 feet wide and 
8 feet high was driven on center line and at grade, 
followed by ring drilling. 

The Wawona tunnel, 28 feet wide, was in excellent, 
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self-supporting, granite formation. 
tried three methods of operation: (1) 
with ring drilling and bench; (2) a narrow bench and 
crown heading; and (3) two successive headings and 
one bench. The last method was used throughout the 
major portion of the tunnel. 

Big Oak Flat tunnel No. 3 was in the same type of 
rock formation as the Wawona tunnel but no headings 
were used and the full face was taken out. In tunnels 


The contractor 
A crown heading 


Nos. 1 and 2 a pilot heading was used for ventilation. 

The plan of operations—whether to take out the 
entire face or one or more headings or benches 
depends upon several factors. 
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In the East Rim Road tunnel the boring could be 
done from several galleries (see fig. 20), but the major 
portion of the muck had to be taken out through the 
west portal. ‘Therefore, to expedite completion, the 
pilot tunnel was well adapted to the purpose. The 
22-foot over-all width made it possible to use a 9-foot 
by 8-foot pilot tunnel. 

The pilot tunnel was worked simultaneously between 
the several galleries. When the pilot tunnel was com- 
pleted between the west portal and the first gallery, 
full-bore operations were started because ring drilling, 
loading, and shooting could proceed at the same time 
as mucking. The pilot tunnel to a large extent solved 
the ventilation problem. The yong draft through 
the pilot tunnel was augmented by the exhaust from 
the shovel which was powered with compressed. air, 
and no difficulty was experienced in using gasoline motor 
trucks as hauling equipment. In the Maricopa- 
Ventura tunnels and the Big Oak Flat tunnels Nos. 1 
and 2, pilot tunnels were used for ventilation, but were 
not ring drilled. These tunnels were of short lengths 
and this method was used so that special ventilation 
machinery would not be needed. 

The cross section of the pilot drift must be ample to 
allow easy handling of the long steel drills for subse- 
quent ring drilling. The drill holes should extend at 
least a foot beyond the neat line of the section at the 
extreme points if the entire section is to be taken out in 
the two operations, that is, the pilot tunneling fol- 
owed by ring drilling, loading, and blasting. 

The placing of concrete lining in highway tunnels, in 
the past, has presented difficult problems. Severely 
restricted working conditions and the necessity that 
the concrete reasonably fill all voids resulting from 


5 The following discussion of concrete lining in highway tunnelsis by G. W. Mayo, 
Senior Highway Bridge Engineer, United States Bureau of Public Roads. 
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overbreak and areas between timber sets that must be 
left in place, ete., have dictated the use of extremely 
wet mixtures. Honeycombed areas and a rather per- 
vious concrete have been the natural results. 

The tunnel cross section generally permits the use of 
forms in the shape of a full-centered arch of compara- 
tively short span. Structural requirements to carry 
the superimposed loads would permit a thin arch sec- 
tion but practical considerations in placing concrete 
generally require a somewhat thicker lining. 

In recent years there has been developed a pump of 
the plunger type that is capable of handling dry, harsh 
mixtures of concrete. The use of this pump, together 
with vibrators both of the internal and external type, 
make possible the placing of tunnel lining equal in 
quality to concrete placed under ordinary conditions. 
Such equipment was used with excellent results on the 
following tunnels: Broadway, Yerba Buena, and Waldo, 
in California; Tooth Rock, in Oregon; and East Rim 
Road, in Utah. Tests of the 28-day strength of con- 
crete placed in the Broadway tunnel showed that it 
averaged well above 3,000 pounds per square inch | 
compression. 


PLACING PNEUMATICALLY APPLIED MORTAR REQUIRES SPECIAI 


CARE 

Concrete pumping equipment is available in either 
mobile or stationary units. It has performed. satis- 
factorily using up to the equivalent of 1,000 feet of 
pipe where no lift was involved. On tunnel work it 
ordinarily discharges directly into the forms, obviating 
the use of chutes or other distribution devices and con- 
sequently eliminating segregation of the aggregate 
from the mortar. The forms must be set in compara- 
tively short sections and must be of substantial con- 
struction to permit the efficient use of internal vibrators 
and to withstand the pressures developed in pumping 

Where heavy underground pressures develop, or 
where the material through which the tunnel is being 
driven slakes rapidly in air, it is essential that the 
lining be kept comparatively close to the excavation 
heading. Experience has indicated that even though 
a fully lined tunnel is not contemplated, the section 
should be so designed as to permit the placing of lining 
without interference from timber which may 
need to be left in place. Costly changes in plans will 
thus be avoided. 

Where pneumatically placed mortar lining has been 
placed in tunnels after the bore is complete, certain 
precautions are necessary to insure satisfactory results. 
The most important precaution is the control of air 
currents and temperatures during operations. In the 
Wawona tunnel such control was accomplished by hang- 
ing a heavy canvas curtain. 

Adequate lighting is also of importance, since uni- 
formity of application is only possible when the nozzle 
man is a skilled operator and all unnecessary shadows 
are eliminated. This lighting was much more of a 
problem on the Wawona than on the East Rim Road 
tunnel, since in the latter the surface broke smoothly 
while the surface of the Wawona tunnel was decidedly 
rough. 

It is important that the rock surfaces be clean and 
free from dust and encrustations. The Wawona tun- 
nel surface was washed with a stream of water under a 
nozzle pressure of 70 pounds per square inch. Wash- 
ing was done at least half an hour before mortar was 


applied. 


sets 
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The amount of pneumatically placed mortar overran 
the estimated quantity in the Wawona tunnel for 3 
reasons, as follows 

1. Bulking of the sand. The specifications limited 
the moisture content of the sand between 4 percent 
and & percent but the mix was designed on the basis of 
dry sand 

The excessive amount of 
tained because of the very irregular rock surface 
This rebound resulted in more sacks of cement being 
used per cubie vard in place than had been anticipated 

3. The actual surface area covered was considerably 
in excess of the area estimated, because of irregulari- 
ties 

During the Wawona tunnel several 
important features were observed in the operation of 
the pneumatic equipment.' 

The cement gun was not equipped with an air gage 
or velocity meter, so some difficulty was experienced in 
maintaining a constant air pressure at the gun. The 
gage was located on the compressor about 40 feet from 
the gun. The air pressure was fairly constant at 45 
pounds per square inch but frequent fluctuations were 
observed, caused by clogging of the material at the gun 
outlet or throughout the length of hose. These fluetu- 
ations caused variations in the rate of discharge of the 
mortar, resulting in poor hvdration at the nozzle and 
a consequent greater material by rebound 
The fundamental cause of the material clogging was 
high surface moisture content of the sand which varied 
between 6 percent and S& percent at the time obser 
vation was made When the surface moisture 
tent dropped below 6 percent no further trouble was 
experienced 

Indications are that for efficient operation the surface 
moisture content of the sand should be between 3 
percent and 6 percent. Material contaming less than 
2.5 percent moisture will discharge too quickly through 
the gun and will not receive sufficient water for propet 
hvdration 

It was found lmpractical fo operate with more than 
150 feet of (ireater” leneth stoppage 
and resulted considerable delay even though the ai 
pressure was proportionately increased. When using 
over 100 feet of hose the contractor used a l-inch nozzle 


rebound material ob- 


construction of 


loss of 


COl- 


hose caused 


and when using less hose a 1'-ineh diameter nozzle 
was used. The use of the larger nozzle resulted in a 
better grade of pneumatically applied mortar with 


considerably less rebound 

The material was batehed and mixed continuously 
To avoid any possible chance of iy dration of the cement 
before it was shot through the gun, the mixing box and 
gun were emptied and cleaned every hour. 

As has been stated, considerable material was los! 
because of rebound. There seems to be no particula: 
reason for wasting this material except where lining: 
of high strength are desired. If precautions are take: 
to prevent water from coming in contact with tl! 
rebound material there is no reason why it should 1 
be used again, if collected promptly. The Steen 
the resulting mortar might be affected by this re 
but the saving in material cost would justify a som 
what decreased working This reuse wi 
apply to any project where pneumatically applied mo 
tar was employed exclusively for protective purpost 

It was found highly important for the rock surfac: 
to be clean and free from dust before applying mort: 


stress. 


® Further operations in the Wawona tunnel are described by E. B. Payne 


Highway Engineer. '/nited States Bureau of Public Roads 
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to them. 
of insufficient bond and at times dropped completely 
away from the rock. In such cases the spots were given 
another application of mortar. 


CONSTRUCTION OF PERMANENT LINING IN HEAVY GROUND 


DIFFICULT 

A thickness of % inch is apparently the maximum that 
can be easily applied directly werene when using 
aliens portland cement. If a greater thickness is 
desired in one coat, 3 percent to 5 percent of calcium 
chloride should be added to the dry mixture or should 
be placed in the mixing water. 

If the cover is generally self-supporting, lining a 
tunnel is a simple operation; but where heavy ground 
is encountered and temporary timbering is necessary, 
unusual care must be exercised in selecting means of 
saatliee the lining. In the North Pacific Forest 
Highway tunnel in Idaho, the cover was so heavy that 
the timber supports were pushed into the lining section 
to such an extent that the original plan of concreting 
the timber supports in place had to be abandoned. 
lt was necessary to place reinforced concrete rings 
between the sets, and later remove the sets and fill in 
the spaces between the rings with reinforced concrete 
Note the overstressed timber posts and square sets in 
figure 6. Also note the reinforcing steel in ple ice 
preparatory to concreting between the rings (fig. 7). 

Where the cover is generally self-supporting, collaps- 
ble forms can be used, allowing easy movement as the 
‘oncreting progresses. Figure 31 shows movable forms 
ised in the Wawona tunnel. The carrier with lifting 
acks in place on the raising platform is shown, also 
he strutting used during the placing of the concrete.’ 

The tunnel required concrete lining for 590 feet next 

’ the upper portal. The thickness of lining was 18 

iches at the springing line and 12 inches at the crown. 

he concrete was reinforced with %-inch square bars 
| 12-inch centers both transversely and longitudinally. 

Bureau regulations against excessive drop and running 

concrete in the forms led to the adoption of a rather 
eiiborate placing system. Wooden forms, constructed 
i) 10-foot sections and so built that they could be 

‘ollapsed for moving to adjacent sections, were used. 

Additional centering, required while pouring, could be 


( 


he use of these forms and the placing of concrete are discussed by T. M. Roach, 
A iate Highway Engineer, United States Bureau of Public Roads. 
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removed after 2 days. 
5 days. 

Aggregates were transported in wheelbarrows to the 
mixer which discharged directly into the placing gun. 
The discharge pipe from the gun was carried over the 
top of the forms, terminating in steel chutes which 
were carried down the sides of the forms to within 5 
feet of the bottom. These chutes were in sections which 
were removed as the concrete built up. The entire 
placing installation was carried on wheels on a central 
track and was moved up and down the track by means 
of a hoist. 

Thirty feet of lining were poured every 2 days, using 
the intervening day to move the forms and bring in 
materials. By moving the entire installation, the dis- 
charge boxes could be moved back and forth over the 
30 feet that was being poured, thus depositing the 
concrete directly into final position. Tamping of the 
concrete was possible in all but the crown of the arch. 
In addition, air vibrators were used on the face of the 
forms. 


The forms were left in place for 
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At one place there was a rock fall of about 105 cubic 
yards from the top of the tunnel. The highest point 
of this pocket was 17 feet above the top of the tunnel. 
Through the section affected by this fall, the concrete 
lining was thickened to 18 inches all around the arch 
(see fig. 9). Three vertical pipes, extending to the 
top of the hole, were placed through the lining before 
pouring. After the concrete lining had cured a suffi- 
cient time, the entire hole was pumped full of wet sand 
to support the rest of the rock and form a cushion 
above the concrete lining. 

On the Big Oak Flat tunnel, improvement was made 
in centering “the lining by using steel shapes, and the 


collapsible lining was hinged in two places, as shown in 
figure 22. 
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From the East Rim Road tunnel, 5,613 feet long 
including the length of the six galleries, approximately 
72,000 cubie yards of muck were removed.S Two 
hundred ninety-two thousand pounds of 40° percent 
powder were required, or an average of 4 pounds to the 
cubie vard. 

The general operations consisted, as previously men- 
tioned, of constructing a pilot tunnel on center line and 
gerade (see fig. 5 Where poor cover was encountered, 
the location of the pilot tunnel was changed to a top 
heading of the same cross section along the center line. 





FiGURE 23.—CoLUuMN UsED IN Rina DRILLING, AND STOPER 
DriLL BEING OPERATED IN THE CONSTRUCTION OF THE 
East Rim Roap TUNNEL. 


A central compressor plant with extensive pipe system 
permitted operations at several galleries or pilot tunnel 
headings at the same time. The points of attack from 
the galleries and progress are shown in table 2. 

The numerous crews engaged worked a total of 1,275 
8-hour shifts in 273 calendar days. The average footing 
made each 8-hour shift was 4.4 feet, or 20.6 feet per 
calendar day by the combined shifts. The section of 
the pilot tunnel involved a quantity of 2% cubic yards 
per foot of length. 

The drilling in the side galleries and the pilot tunnel 
was carried on with jackhammers, column drills, or 
liners. All blasting was done using fuse. Muck was 
loaded by hand into mine cars, except where muckers 
could be taken into the headings. 

All drilling of the material between limits of the pilot 
bore and the perimeter of the main bore, except where 
* Construction methods used in the East Rim Road tunnel in Zion National Park 


are described by R. A. Brown, Associate Highway Engineer, United States Bureau 
of Public Roads 
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timbering was necessary, was done by ring drilling. 
See fig. 23.) Stoper drills were set on vertical columns 
on the center line of the main tunnel, and anchored 
between the roof and the floor of pilot tunnel. Sto- 
pers were thus set at points 1 feet above designated 
gerade and radial holes were drilled around the pilot 
tunnel for the full tunnel section above the floor. These 
holes were drilled to the perimeter of the theoretical 
see fig. 5 for details) and the rings of holes were 
spaced at 3-foot intervals. In blasting the material in 


the main bore, 12 rings of holes were shot at the same 


bore 


time 
TARLE 2.—Progress in the construction of the East Rim Road 
j ? el 
Working Rate yx 
Alle ] i re Le 

Lime da 

dD. Feet Feet 
7 Rg? W 52 10 
7 82 I 2 214 1.7 
d+- 5 22 202 2 
6§62+458 45 ) is 
49+-48 4 7 13 
49-+-45 I 57 6: l 
37 +52 Mi 40 543 3 
a4 52 I 53 79 
ZY 4 KS A 

Cre t 


Before awarding the contract for construction of the 
tunnel it was thought that the ground throughout the 
greater part of the tunnel would be stable enough s 
that only a very small amount of lining would be re 
quired. When heavy ground was encountered in thé 
pilot tunnel, however, the pilot tunnel was discontinue: 
on grade and a top heading on springing line grade wa 
driven and timber lining was placed between the spring 
ing line and the roof of the main tunnel. The bene 
below the top heading was left in place until the powe 
shovel was ready to excavate it. This bench then w: 
breast drilled and shot and the shovel mucked it ou 
As the muck was removed, posts to support the timb 
lining were placed under the wall plates. (See fig. 24 
The equipment used was as follows: 

6 jackhammers. 

12 liners and stopers. 

2 150-horsepower motors. 

2 stationary compressors, capacity 850 cubic feet per mi! 


each. 
1 air (tunnel type) shovel, % cubie yard. 
5 trucks—3 to 5 cubic yards capacity. 











September 1938 


1 32-inch fan. 

2 mucking machines. 

7 mine cars. 

t hoists. 

2 portable compressors. 

1 automatic drill sharpener. 

4 steam pumps. 

Miscellaneous track, pipe, electrical equipment, and small 
tools. 


TIMBER LINING? REPLACED WITH STEEL AND CONCRETE LINING 


Five years after completion of the East Rim Road 
tunnel it became evident that the timber lining in sey- 
eral sections was in distress and that it was necessary 
to place some permanent type of lining. In the most 
hazardous sections, structural steel and concrete were 
used as follows.® 

The failure of the timber lining was evidenced by 
shifting and split arch caps and segments, deformed and 
crushed wall plates, and tipped posts. Sufficient tim- 
ber lining was removed to make room for one 10-inch 
steel I-beam. (See fig. 1.) An I-beam ring was then 
installed, after which the sandstone outside of the beam 
was stulled and blocked and sufficient additional lining 
was removed to install another beam. Thus the opera- 
tion was carried on until the entire timber section was 
replaced with the I-beams thoroughly wedged and the 
seamy, blocky, and loose sandstone above blocked and 
stulled in place. 

After each section was completely supported with 
the steel I-beams, forms were placed on the inner face 
only and concrete was pumped between the I-beams 
and in contact with the rock, except that the larger 
voids were filled with old timber, rock, or sand to form 
a cushion. The concrete was placed by a pump of the 
plunger type. 

Because of the narrow spaces of 10-inch minimum 
thickness in this special lining of welded I-beam sets, it 
was necessary to use concrete having a 5-inch slump to 
eliminate the possibility of leaving voids between the 
I-beams. The concrete was efficiently placed by skilled 


crews. The 10-inch steel I-beams came in three sec- 
tions——two steel wall posts and an arch of steel—and 
were welded together to form one supporting ring. The 


sections were butt welded with a minimum °;,-inch bead 
completely around the joint except on the inaccessible 
back face. 

The joints were at the springing lines and the steel 
ribs thus formed were placed as the sections of failing 
timber were removed. The steel posts were set to line 
and grade; the steel arch member was placed and the 
oints welded; and then concrete pedestals were poured 
it the bases of the posts. After the concrete had set 
ufficiently, using extra cement for early setting, the 
oose, blocky, and heavy ground over the arch and at 
he sides was blocked, wedged, and stulled to make a 
ight back and rigid support before filling the spaces 
etween the I-beams with concrete. At several points 

was necessary to place stulls from the tunnel floor 

support the load until the I-beam could be erected 

id welded, and the pedestal concrete had set suffi- 

ently. 

Several old rings of 12- by 12-inch timber were found 

much as 2 feet too low and were supporting heavy 
g-ound that was at many points also too low. It was 
necessary to cut back to obtain sufficient clearance to 
piace the I-beam. Though the work was extremely 


his work is described by F. L. 


i Davis, Assistant Highway Engineer, United 
®s Bureau of Public Roads. 
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hazardous, no one was injured. Experienced tunnel 
men, steel workers, and carpenters performed the work. 
The installation of the I-beams proved an ingenious 
method of repair for these sections where the timber 
had failed, because without steel I-beams or some tem- 
porary support, the placing of concrete lining in these 
sections would have been very slow and extremely dan- 
gerous. The repair work would probably have cost 
considerably more by other methods. 

Several methods can be used in excavating tunnels. 
The contractor should select that method best adapted 
to the particular project, considering the nature of the 
formation, the size of tunnel cross section, and disposal 
of the material. The various systems of drilling used 
in several western tunnels are illustrated in figures 5 
and 25. <A detail discussion of the methods used in 
boring the tunnels in Yosemite National Park follows." 

Some of the factors which influence the choice of a 
method of driving a tunnel should first be considered. 
When driving tunnels of the size required for highways, 
most contractors prefer to carry a heading (this term is 
used here to describe a drift along the direction of the 
bore of such size as to permit one or more miners to 
excavate material within the cross section of the tun- 
nel) some distance in advance of the excavation of the 
full tunnel section for the following reasons: 

1. The heading discloses the character of the ground 
prior to opening the full tunnel section. 

2. The heading offers access to points from which the 
crown can be reached and timbering started if required. 

3. Short drill columns and drill bars can be used in 
the heading, thus eliminating the necessity for a large 
drilling setup and high working platforms. 

4. Short blasting rounds are usually used in advancing 
a heading, and the loss is comparatively small if the 
blast fails to break to the full depth of the drill holes. 

5. In hard rock, the blasting of the bulk of the tunnel 
section is more effective if there is a hole, such as a 
heading, toward which the material can break. 

Other factors influencing the choice of methods are 
time allowed, equipment on hand, shape of tunnel 
section, etc. 


CONSTRUCTION OF WAWONA TUNNEL DESCRIBED IN DETAIL 


The tunnel section used in the Wawona tunnel is a 
semicircle, 14 to 154 feet in radius, on a 6-foot spring- 
ing line. The effective width of a top heading in such 
a section is reduced, as the top of the arch drops 
rapidly beyond 5 or 6 feet each side of the center, and 
interferes with the proper pointing of the drill holes. 
Lowering the heading from the crown of the tunnel 
would destroy its effectiveness as a starting point for 
timbering, and result in blocking of the end of the head- 
ing by the muck pile if long bench rounds had been 
blasted. 

Three drilling systems were used by the contractor 
in the Wawona tunnel, and it will be noted that each 
system involved the use of some form of heading. (See 
fie. 25.) 

The first method was used for the first 335 feet. 
Under this system, the crown heading (10 feet by 11 
feet) was advanced as fast as possible. Back of the 
heading, but well ahead of the bench, four drilling ma- 
chines, swung on cross arms from a horizontal bar, 
drilled holes in parallel rings 3 feet apart to break out 
the remaining portion of the heading to the level of the 





'©' This discussion is by T. M. Roach, Associate Highway Engineer, United States 
Bureau of Public Roads 
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bench. Bench holes were drilled from a cross-bar set- 
up, practically paralleling the tunnel center line. 


In blasting, the bench hole shots were fired con- 
junction with 6 or 7 rings of top holes. Delay de- 


tonators were used to assure the ring shots exploding 
before the bench shots, and to give proper firing order 
for the holes in the bench. Heading rounds were fired 
at the same time as the bench rounds if they could be 
prepared in time. The heading was mucked by hand, 
the muck being dumped over the bench and re-handled 
by the mucking rig which was used to handle the bulk 
of the blasted material. 

[t was found that the heading could not be advanced 
nearly so fast as the bench could be broken; that it was 
very difficult to keep air pipes in place past the mucking 
rig to feed the machines drilling in the heading; and 
that there was, in the heading, constant interference 
with the machines drilling the ring holes ahead of the 
bench. The daily average advance of the entire sec- 
tion was only 5.6 feet, and this system was abandoned 
in favor of the second method. 

The second drilling plan utilized a heading 18 feet 
wide, kept only a short distance ahead of the full tunnel! 
face. A set-up for machines drilling from short arms 
swung from a column was used in the heading. The 
drill holes varied from 13 feet to 19 feet in depth, but 
usually gave about a 17-foot break. 

In erecting the drilling set-up for the bench, two 
horizontal bars were placed across the tunnel, the first 
1 foot above grade, and the second at the springing 
line. These bars were tightly jacked against the rock 
sidewalls. Clamped to these bars was a curved bar, 18 
inches from the sidewall and parallel to the curve of 
the tunnel section, extending up into the section of 
tunnel beside the heading. This bar was used as a 
guide in drilling the area above the bench and was 
shifted from one side of the tunnel to the other as drill- 
ing progressed. Machine clamps could be placed on 
any part of the curved or horizontal bars. The drill 
holes were spaced as shown in figure 25 and were drilled 
approximately parallel to the tunnel center line to a 
depth of 13 to 19 feet. Heading and bench were 
blasted together, delay detonators being used to give 
the proper sequence of explosions. Charges in all holes 
in the heading exploded before charges in the holes in 
the bench. 

Under the second method the maximum daily ad- 
ance was 17 feet, while the average was only 13 feet. 
it was very difficult to remove the muck from the 
ading after shooting using the long holes, as they 
ometimes produced “bootlegging”, or failure to break 
» the full depth of the holes. This loss sometimes ran 
s high as 4 or 5 feet and necessitated reshooting with 
msequent loss of time. Widening the heading to per- 
ut longer rounds would merely have lowered the head- 
g sidewall height to a point where it would have been 
possible to place the holes properly, and lowering the 
‘ading from the crown would have resulted in partial 
icking of the heading by the muck pile and failure 
the muck from the heading to blast clear of the bench. 
The contractor was equipped and staffed for working 
hours per day, doing most of the drilling and blasting 


ho 


i one shift and the mucking in the two remaining 
si fts. The mucking operations had been developed 
to the point where the contractor was convinced that 


a ‘all 20-foot round could be cleaned out during the two 
mucking shifts, and he accordingly changed to the 
third method, which he believed would produce the 
desired footage. 
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Under this system of drilling, the contractor en- 
deavored to shoot and remove two 10-foot rounds in 
the heading and one 20-foot round in the bench each 
24 hours. One of the heading rounds was drilled and 
fired in conjunction with the bench round, the second 
heading round being drilled and fired during the first 
mucking shift. The arrangement of drill holes and 
firing order were essentially the same as was used in the 
second method. 

Using the third system it was necessary to blast 
twice each day, each blast resulting in a loss of at least 
| hour while the smoke and gases were being cleared out. 
further delay was caused by extra moving of the shovel 
for cleaning up the muck after each blast. It was found 
impossible to complete the working cycle in 24 hours, 
and all shifts were accordingly worked on call, their 
hours changing each day, with consequent disorganiza- 
tion. 

The third drilling system was used in driving the 


last 3,157 feet of the tunnel. The daily average advance 
was 13.6 feet, although the advance per blast was 20 
feet or more, as had been estimated. 


The costs using the second and third drilling methods 
were practically the same. It will be noted that the 
average advance was only 0.6 foot per day more under 
the third plan. It is believed the costs would have been 
lowered slightly if the contractor had not changed to 
the third system but had continued the second system 
and had concentrated on lowering the costs by increased 
efficiency. 

All mucking was done with a %-swing power shovel, 
mounted on crawler-type tracks and operated with 
compressed air. This rig was slow and cumbersome, 
and production was low. It was usually 3 hours after 
the mucking shift started before the first train of mate- 
rial came out of the tunnel. Operating costs were high, 
as the shovel would not operate on the output of one 
compressor of 1,250 cubic-feet-per-minute apacity, 
and it was necessary to run two compressors requiring 
100 horsepower. The same size shovel of the conven- 
tional type will operate on one 75 to 100 horsepower 
motor. 

Material was hauled from the tunnel in side-dump 

cars, operated on tracks by combination battery and 
trolley locomotives. In addition to the high cost of in- 
stallation and maintenance of this haulage system, the 
equipment did not operate well on the 5-percent grade 
of the tunnel. The locomotives could barely push 3 
empty cars up the grade, and a great deal of trouble was 
encountered in controlling the loaded train while 
coasting down grade. 

It appeared that operations involving the blasting 
and mucking of the full face, with approximately 
the same daily advance or possibly less, would have been 
more economical. 


3 


DRIVING OF BIG OAK FLAT TUNNELS DISCUSSED 

The following factors were considered when deciding 

upon the method to be used in driving the two short 

a on the lower portion of the Big Oak Flat road. 

The two tunnels totaled only 540 feet in length, so 

m. expensive equipment set-up would have materially 
affected the cost. 

The available compressor could supply air to 
operate only about 7 small drilling machines or four 
large drilling machines. Two machines that could be 
made over into small drifters were on hand. 
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3. No bad ground was anticipated, and no top head- 
ing was believed necessary. It was believed, however, 
that a pioneer bore should be used to provide for ventila- 
tion while enlarging to full size and to give a better 
break to the material while driving the full tunnel 
section. 

The power shovel on hand was considered capable 
of mucking out only about 10 feet per day, so long 
rounds were out of the question. 

All drill steel on the project was of the 1-inch 
hexagonal type, threaded for detachable bits. This 
steel could be used with small drifters, but was unsuit- 
able for use with large machines. Use of this steel and 
the bits made purchasing of drill sharpeners and 
—_ unnecessary. 

The time involved in driving a pioneer bore 
anes the tunnels would not delay completion of the 
project, as the pioneer bore could be driven through the 
first tunnel before the shovel was available to start the 
enlarging work. The pioneer bore through the second 
tunnel could be driven while the shovel was working in 
the section between the tunnels. 

It was accordingly decided that a pioneer bore, 7 
feet by 6 feet should be driven through both tunnels 
and that the enlarging work would be done at the ap- 
proximate rate of 10 feet per day. The drilling was to 
be done from a frame, or “jumbo’’, all holes being 
drilled approximately parallel to the center line of the 


tunnel. The pioneer bore was located with its lower 
edge on the springing line of the tunnel section. The 
pioneer bores were drilled as shown in figure 25; the 


resulting advance was between 3.5 feet and 4 feet per 
blast. Two shifts were used on this work each day, 
and the daily advance varied between 7 and 8 feet. 
All mucking in the pioneer bore was done by hand, and 
the material was transported in a small car, hand op- 
erated on tracks. All blasting was done with electric 
detonators and the firing order was controlled with 
delays, as illustrated by the numbers on figure 25. 

The drilling jumbo was mounted on a flat-rack truck, 
and was moved in and out of the ey for each drilling 
shift. This jumbo is illustrated in figure 25 and is 
made of extra heavy 4' inch pipe, curved to follow the 
neat lines of the tunnel are but having a radius 3% 
feet less than that of the tunnel. The uprights and 
braces are fastened to the truck, while the curved side 
arms are hinged near the top to permit swinging them 
out of the way while moving the jumbo. A solid bar, 
25 feet long was placed across the tunnel and solidly 
clamped to the curved arms, 3.5 feet above the tunnel 
grade, while drilling was in progress. Jack screws on the 
bottom of the curved arms served to lift some of the 
weight from the truck and to brace the entire frame 
solidly. Drill arms could be swung out from any part 
of the frame, or the machines could be mounted on any 
portion of the frames or braces. 

Drill holes were required on approximately 3-foot 
centers, and were drilled by using drilling arms 4 feet 
long clamped to the frame with universal clamps. The 
truck was placed on center line and the frame jacked to 
grade. Six drilling machines were mounted on the 
frame at one time, and drilling was started at the top 
of the frame. The machines were moved down the 
frame as drilling progressed. The pointing of each 
drill hole was checked by the shift boss. Approximately 
60 holes were required to break out each section. These 
holes were drilled in two shifts, the first shift setting 
up and starting the drilling, while the second shift 
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comple ‘ted the round and loaded and blasted the holes. 
The mucking was done in one shift, all material being 
transported in trucks. 

This system was very successful in the two short 
tunnels, and is believed to be definitely superior to the 
system used in the Wawona tunnel. Powder consump- 
tion was very low, the pioneer bore requiring 14 pounds 
of powder per cubic yard while the enlargement. re- 
quired only 2.4 pounds per cubie yard. The average 
was 3.3 pounds per cubic yard as against about 7 pounds 
per cubic vard in the Wawona tunnel and an estimated 
4.6 pounds per cubic yard in the 2,167-foot tunnel on 
the Big Oak Flat road. 

Of even more importance than the cost was the effect 
this svstem had on the final shape of the completed 
tunnel. The material encountered was badly seamed, 
and considerable overbreak was unavoidable. Under 
this method the heavy blasting required close to the 
crown when a top heading is used was avoided, and 
only light shooting to break out the small amount of 
material from above the top of the pioneer bore was 
required. None of the rock above the crown was shat- 
tered, all overbreak be ing the result of mate ‘rial break- 
ing away from well defined seams above the neat lines 

In driving the 2,167-foot tunnel on the Big Oak Flat 
road, it was decided that the drilling jumbo developed 
for the two short tunnels would be used, but that it 
would be modified to provide for platforms swinging 
from the main jumbo for work on the sides. This 
eliminated the second truck with platforms which had 
been used on the short tunnels. 


LOADED TRUCKS PULLED OUT OF TUNNEL BY ELECTRIC HOIST 


Because of restrictions on the location at which the 
spoil could be dumped, the Big Oak Flat tunnel was 
driven down grade. On down grades electric haulage. 
besides involving a large capital investment and instal 
lation cost, is generally not efficient and involves trans 
fer of the material to trucks for the further haul outside 
of the tunnel. It was therefore decided that trucks 
would be used in this tunnel, avoiding the necessity of 
using the truck engine inside the tunnel by coasting 
the trucks in and pulling them out. The use of trucks 
which were backed into the tunnel for loading, necessi 
tated the use of a full revolving shovel for mucking 

The use of a pioneer bore was not practical becaus: 
of the time required to put such a bore through an: 
because electric haulage would be required. The dril! 
ing system illustrated in figure 5 was therefore adopted 
[t is a full face system using about 100 holes, with tli 
cut holes, which are loaded the heaviest, kept well awa 
from the crown of the tunnel. 

A compressor set-up involving approximately 1,2. 
cubic feet of air per minute was required to hand 
the drilling and shop work. Six drills are used, « 
machine being of the automatic-feed, drifter type 

The drilling and blasting were done in two shift 
each shift using the six drills. Holes were drilled 
shown in figure 5, the pointing of the hole and the proj 
distribution of electric delay detonators being check 
by the shift bosses. All blasting was done by e! 
tricity, the firing switch being outside the tunnel. 


was usually possible to blast about 2 hours before 
mucking shift was started, thus giving ample time 
ventilation of the tunnel. 

Ventilation was provided by a blower with a 24-i 
ventilation pipe, supplemented by a portable blo 
and a 12-inch flexible air pipe near the working ! 
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Mucking was done in one shift by a full revolving 
1\4-cubic yard shovel powered with an electric motor 
Power was supplied to this shovel through a special 
three-conductor drag cable, so constructed as to resist 
the abrasive and cutting action of the rock bottom. 

Hauling was done with 5-cubic vard dump trucks 

double drum electric hoist was mounted outside of 
the tunnel portal, the cable between the two drums 
being endless and going over rollers on the tunnel floor 
and around a tail block which was kept about 40 feet 
from the working face. Hoisting could thus be done 
with either drum, and hoisting of a truck could be 
started as soon as the preceding truck was outside 
the tunnel. Each truck was equipped with a 60-foot 


choker cable. Trucks were coasted into the tunnel 
backwards, and were connected to the hoisting line. 
when loaded, by means of a special choker hook. After 


clearing the tunnel portal, the trucks were driven under 
their own power to the dump, which was about 1 mile 
from the portal. 

Under this system approximately feet to 12 feet 
were advanced per cycle, involving the full 24 hours 
It is believed that the same system could be used to give 
a daily advance of from 18 feet to 20 feet if sufficient 
transmission line, transformers, compressors, and drills 
were used so that larger rounds could be drilled and 
blasted in 8 hours and the mucking carried on In two 
shifts, but this system would involve more than dou- 
bling the amount of equipment. 

The only apparent disadvantage of this system is that 
if bad ground is encountered the full face is open, and 
timbering is very difficult. Nothing but full timber 
sets can be placed, and these cannot be blocked in the 
center of the tunnel or it is impossible to take the large 
equipment through. On a short stretch of heavy 
ground encountered in the Big Oak Flat tunnel, in 
order to avoid blocking the roadway to movement of 
equipment, the timbering was reinforced with concrete 
between the sets for the full depth. This concrete was 
built up with mortar by the pneumatic gun placement 
method. This heavy ground also necessitated the use 
of a heading. Mucking was done by hand for a short 
portion of the section. 

The ventilation system of the Wawona tunnel is of 
particular interest and will be discussed in some detail 

Carbon-monoxide menace in the 
operation of automobiles in tunnels. The pure gas is 
odorless, tasteless, and invisible. Its very tonic effect 
does not, however, produce a warning symptom. An 
ingenious ventilation system was installed in’ the 
Wawona tunnel in Yosemite Park to keep the tunne! 
‘ree from too great a concentration of this dangerous 
ras. . 

Meteorological data indicated that natural draft 
ould not be relied upon entirely as it was extremely 

ariable. Caleulations showed that carbon-monoxide 

as could accumulate to dangerous concentrations dur- | 
ing periods of heavy traffic. It was decided, therefore, 
» install an automatically controlled ventilation sys- 
m. Natural draft was used as much as possible and 
as supplemented by the ventilating fans when needed 
to keep the carbon-monoxide concentration within safe 
nits. 

Three horizontal adits or smaller tunnels at right 
gles to the main tunnel were driven to the face of a 
‘iff to assist the natural draft. Two of these adits are 
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7 feet by 6 feet and 300 feet long. They are located at 
the quarter points or about 1,000 feet from their respec- 
tive portals. The third or main adit is of the same 
cross section area as the tunnel and is 500 feet in length. 
It is centrally located, and in it are installed three 
9-foot fans with a combined air delivery of 300,000 
cubic feet per minute See fig. 26.) 


CHEMICAL ANALYZERS DETERMINED CARBON MONOXIDE 


CONTENT OF TUNNEL AIR 


Kach fan has 12 blades, and is of the auto vane, ball 
bearing, pedestal-mount type. The capacity of each 
fan at full speed (400 revolutions per minute) is 100,000 
cubic feet per minute. At half speed, or 200 revolutions 
per minute, the capacity is 50,000 cubic feet per 
minute. The fans are connected by means of a belt to 
two-speed induction motors of 25 and 12.5 horsepower 
when operating at 1,800 and 900 revolutions per 
minute, respectively. 

The concentration of carbon monoxide in the tunnel 
is determined by two chemical analyzers. Samples for 
each analyzer are taken through a 1-inch intake pipe, 
one pipe taking a sample of air in the eastern half of 
the tunnel and the other a sample of air in the western 
half. Each analyzer is equipped with a rotary air 
pump and draws continuous samples of air through its 
intake pipe. The air sample is thoroughly cleansed of 
all dust impurities and accurately regulated to pre- 
determined volume before entering a hopealite cell for 
the determination of its carbon-monoxide content. 
The concentration of carbon monoxide present in the 
air sample is graphically recorded by the analyzer on a 
moving paper chart. 

In the hopealite cell any carbon monoxide in the 
sample air starts action of a the ‘rmocouple which steps 
up a current. Then a bridge galvanometer actuates a 
carriage with motive power from a synchronous moior. 
The carriage operates 6 contact disks which, in turn, 
control the fans. This carriage also carries a pen which 
registers on a roll chart. The concentrations of carbon 
monoxide and the corresponding fan operation are 
given in table 3. 

A selector switch enables the fans to be controlled 
either automatically or manually. When the selector 
switch is set to operate automatically, the automatic 
recorders have full control of the fans. When the 
switch is set for manual operation there is partial auto- 
matic control and when it is in the off position there is 
full manual control. 








TABLE 3.—Fan operation for various concentrations of carbon 
monoxide in the Wawona tunnel 


i 


Fan operation 








Parts of carbon monoxide per 10,000 
parts of air Number 
| operat- Speed Capacity 
ing 
R. p.m, | Cu, ft. per min 
0.49 Be See : 
0.5 1 200 50, 000 
1.0 2 200 100, 000 
1.5 3 200 150, 000 
20) j I 400 100, 000 
ie \ 2 | 200 100, 000 
95 f 1 | 200 50, 000 
ate \ 2 | 400 200, 000 
3.0 3 400 | 300, 000 


A more detailed description of the analyzers and the 
switch controls follows: 


The whole sampling operation is accomplished with the equip- 
ment shown in figure 27 by passing the sample of air through a 
charcoal trap and a sulphuric acid bath where dust, dirt, and 
moisture are removed. The sample next passes through a filter 
tower of alternate layers of charcoal, cotton, and glass wool, 
where acid spray and other impurities are removed. The 
sample continues on through a soda, lime, and charcoal cannister 
that neutralizes or filters out any remaining acid fumes, gases, 
and impurities. The sample now passes into the flow meter 
where it is regulated to a continuous volume of 48 liters per 
minute. The regulation is automatic, since any increase in 
resistance to the left of the capillary orifice is transmitted to the 
right of the capillary tube, through the water head reservoir, 
water cylinder, and bubbling tube. Raising or lowering the 
bubbling tube changes its hydrostatic head in the water cylinder, 
which proportionately changes the air flow by bubbling out sur- 
plus sample air to the atmosphere. The sample next passes 
through a calcium chloride drying tube that removes any mois- 
ture picked up in the flow meter. (See fig. 27.) 

The prepared sample then passes through a tubular heating 
coil immersed in the steam bath where it is warmed before 
entering the hopcalite cell for analysis. The hopcalite cell is 
also immersed in the bath, permitting the thermocouple to 
generate a continuous normal current. The bath is maintained 
at a constant uniform temperature of 208 degrees F.” by an 
electric heating element, assisted by an air-cooled condenser 
which removes resulting steam. The thermocouple contains 36 
joints, half of which are imbedded in active hopealite and form 
the hot pole, while the other half are imbedded in inert pumice 
and form the cold pole. The sample of air, in passing through 
the cell, comes in contact with the hopealite, and any carbon 
monoxide present in the sample sets up a catalytic oxidation, 
the intensity of which is proportional to the concentration. 
The resultant heat reacts on the hot joints of the thermocouple, 
causing the generation of an electric current, the intensity of 
which is proportional to the degree of heat developed by the 
catalytic oxidation. The current thus generated in the hot 
pole is conducted through a bridge galvanometer, where it is 
measured in millivolts and returned to the cold pole, completing 
the circuit. 

The thermocouples of the analyzers are connected to the 
galvanometers of their respective recorders through a bridge or 
split potentiometer circuit as shown in figure 27. The circuit 
is electrically balanced through the medium of rheostat R1 and 
potentiometers P1—P2, until that portion of the dry-cell current 
equals the normal current generated in the thermocouples by 
the heat action of the steam bath. When the circuit is thus in 
electrical balance, there will be no flow of current through the 
galvanometer; however, when catalytic oxidation occurs and 
generates a current of higher value than the normal current, 
the electrical balance will be upset and cause the galvanometer 
proportionately to deflect from zero. The current of the elec- 
trical balance is established at the time of calibration of the 
analyzers. The electrical balance is checked or compared with 
this value every 30 minutes by the automatic closing of cam 
switch 81, which connects the standard or mercury cell into the 
circuit comparing the dry-cell voltage across resistances R2- 
R3—R4—R5, and compensating any differences by adjusting 
Rl and Pl. The galvanometer draws about 10 millivolt- 


12 This is above the boiling point of water at this elevation. 
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amperes for full scale deflection or registration of 10 parts of 
carbon monoxide. The dry-cell voltage of 1.5 volts is reduced 
to 1 volt through the rheostat Rl. When the cell voltage drops 
to 1 volt the cell should be replaced. The standard, or mercury 
cell, is in the circuit only half a minute in every half-hour and 
should last indefinitely. 

When concentrations are below 0.5 part, the pen carriage 
contacts, H1 to H6, are open and their associated C.L. con- 
tacts are closed, and relays R1 to R12 are de-energized as shown 
in figure 27. As concentrations increase and the pen carriage 
moves up the scale, the contact disks 1 to 6, progressively, open 
their C.L. contacts and close the associated H contact. Assume 
recorder A pen carriage to be moving up the scale closing con- 
tacts HI1-H2-H3. As the contacts close, their respective oper- 
ating coils Nos. 1-2-3 of low-speed relays RI-R2-R3 are ener- 
gized and pull in, energizing in turn the operating coils L1—L2 
L3 of line contactors R10-R11—R12, which “Y” connects the 
fan motors to 8 poles and operates them on low speed or 900 
revolutions per minute. As the pen carriage continues up the 
scale and closes contacts H4-H5-H6, their associated operating 
coils Nos. 4-5-6 of high speed relays R7-R8&-R9 are energized 
and pull in, dropping out the low speed relavs and line con- 
tactors, and energizing the operating coils H1—-H2—-H83 of line 
contactors R10-R11—R12, which delta connects the fan motors 
to 4 poles and operates them on high speed or 1,800 revolutions 
per minute. 

When the concentrations decrease and the pen earriage re- 
turns down seale, the “‘H”’ contact will open, first followed by 
the closing of its respective C.L. contacts. As the contacts 
C.L.6—C.L.5-C.L.4 close, the holding current of relays 
R9-RS-R7 through their contacts Al will be by-passed around 
the operating coil through the C.L. contacts to the coil resistor 
and LX2, causing them to drop out and open the line contactors’ 
high-speed operating coils, removing the motors from the line 
As the high speed relays R9-RS—R7 open, the time delay relays 
R4—R5—-R6 start and run through a pre-set time of 5 minutes, 
allowing the fans to coast down from 400 to 200 revolutions per 
minute, before permitting the low speed relays R1I-R2-R3 to 
pull in and apply power to the motors for operation on low 
speed. If the pen carriage, in coming down the scale, closes 
the contacts C.L.3-C.L.2-C.L.1, before their respective time 
delay relays run out the time, the fans will coast on down to 
rest without going on low speed. The time delay relays are 
adjustable from 0 to 33 minutes and are used to prevent reactive 
current and strain on the fan blades. Recorder B is an exact 
duplicate of recorder A and controls the relays R1-R2—-R3—-R7 
RS8—-R9 through the duplicate operating coils 1.1 to 6.1, which 
in turn control the same line contractors and time delay relays 
as did recorder A. The recorder registering the highest con- 
centration takes precedence in governing the fans to that 
concentration. 

At 48-hour intervals, the 8 pounds of sulphuric acid in the air- 
scrubbing train in the analyzer is renewed, and about 1 pint of 
water added. The chart rolls of the graphic recorders are re- 
placed once a month. The drying tubes are repacked every 4 
months with 2 pounds of anhydrous lump calcium chloride. The 
canister is refilled twice a year with a mixture of soda lime and 
charcoal. The charcoal trap and tower filter are refilled once a 
vear with activated lump charcoal. The hopealite cell is r 
packed twice a vear with approximately 1.7 ounces of 14-mes! 
hopealite and 0.48 ounce of 14-mesh pumice, after which it must 
be recalibrated. Pure carbon monoxide gas for calibrating th« 
analyzers and recorders is manufactured in the control room by 
slowly dripping formie acid on hot sulphurie acid. Electric 
lamps last for about 1,800 hours of burning and are replaced as 
they burn out; reflectors are washed twice a year. 


VENTILATING AND LIGHTING COST DATA GIVEN 

The motor grouping switch is manually controlled 
and has three positions. When set on the first positior 
fan No. 1 comes on first followed by Nos. 2 and 3 
When set on the second position fan No. 2 comes 0! 
first followed by Nos. 3 and 1. When set on the thir 


position fan No.3 comes on first followed by Nos. 1 and ‘ 
The switch is shifted to a new position once a wee! 
thus distributing the wear on the fans and motor 
otherwise, one or two fans would receive most of t! 
wear. 

Each portal is equipped with a semaphore trai! 
warning signal which automatically drops to the st: 



































September 1938 P U B L | Cc ROA D S 149 
— } ‘S pf ? 
; , Ye | a fs t ; J 
api//a y fice Orying } ° Vo/? 
peed | ' 
Rubhtina Tube al SE f $ t ? 4, its A 
a, ‘ 7 é€ i et = A } Pe ¥ VOUIS A 
Wale y ve a } | H S * nt L Ve . + aed 4 - + ’ 
a é | | iy < i’ ie 2 “ J E €_, Coverno 
4 | | t 4 ; 
e THE Hi a+} ——— J 
| | ' a] iad on 
1 Withsa es a E4 ' Pd 
harcoal Filter NOH it > n F , i ' Moh f tes Paper Chart Rol/, a/so 
< 4 ar. ieee] we t r A ~~ 4 ¢ #¢ oe ’ x = Bn Sof 
Mp tae { } Hiss team Bat ago hes powe fo »perate ft ave/ oa 
j Ht a NY Carriage and Associated Contactors 
ol, ate Mmleatalale neal Hi The T A al 
qe) ri rr |S ne WM | 6 gth of trave ntrolled by Ga/van- 
jpn] fey Kee] LJ} water e meter def thru Roller. Car 
J { { k , 
3 Ab pu presers f Fi fe e 
P 6 7 
ra Automat i gy od Wa 
—_ Flow witch Med +epeopneeepe Ls e Y Dry Cel 
E - 4é ~ ~~» - - - 4 4 
ay ap. 
~~ - 4 é f é é 1 kh “ont 
‘ rae Vaive. " Y f = = > = se J 
} Pi 4h 4 F; 
« ® —| 4HPwN fi, i, i, - i | 
¥ ey” \ ‘ ' ‘ ry ‘ 7 ‘ q 
¥ A np 
, 7 FO — + . . . 7 ‘ ‘ + . . ‘ ‘ ‘ . . . . . 
ey © © © 
CARBON MONOXIDE ANALYSER ARBON MONOXIDE RECORDER 
WAWONA TUNNEL AND FAN RELAY CONTROLLER 
YOSEMITE, CALIFORNIA SCHEMATIC DIAGRAM 
L442 £2 . f LAG 
.-- — 
LINE DIAGRAM J 
‘ 
v1 se we Jer ang aro Monoxide Xecorager f g y I TAA 
he ye er B y f Relay ¢ 4 P A i i . o> + Ai 
4 . % RB} > ie 
4 _~ - ) 4 
« “ atid . e* »~. *--?- ih a 4 ~~? «Te duu 
ose RO0ee ees 846 8 O85 Oe ee P — = 
Y t 7 AKA tee 1 Ai 
wwe RMA Tew es 4 ew Se ee ee ee - ‘ 
“ U . MG. ke 
© « ~~ - , os ~~ ‘ 
ee 2 Sa 2S we r ~= ~< > F g 
Vv me oF 4A? 
Vir sp i 
yay ™ Mofor 4 anan 
a ad, h at; 2 yi 
Ps = as | 1 - +46 + al . HV, 
LOW SPEED RELAYS TY <sc4 , y , us ae . 
‘a P «. he < ~——*@ , 4/4 
4 T 3 J 4/Ai 
3&3 A ACS Hf H&le? AGe & Wk) & 4) 6 4 « 
it E> BP 2 ager) te ES ere: Ss es 
6 or A mA 4 6 4.4% 4 D_Ar4, >, | 4 or + —P-o 6, | > , “Ff a ww w and Aigh Sp fod TO 
y hum ere ogee 4 et ees Lie a P Comers fF e 6 al eer snp > MPA b , 
; « , 2 @? 2 > (e3 > 4 00,4 2 4 r y plete eme 
( t = lt = + ee \ ° 4 y 3 nv 7 be three time th 
ry r’ + > 4 y ord ines L , r) witch Aut , 
43 43 Zk 4 i 4 | en ve ‘ hm 
¢ [ 4 Y ele nw ? 
yy Vv. P eae hep 
sot WG5~ Motor Grouping Switch 
’ w Speed Mot e Contact 
gh Speed M. e Contact 
6 if 9 6 M 6 Alb M4 Al Ad /0 ACI 8 A 4 La Mi . 483 and 4/83 =Relay RI 
+ ; _ > , sa . . . . > * > * * * > . > . * 
ee F PT eo ib a ae, a ao oo” $4 . = 
” 
| se @QIG a RSRIS 
; iwi = ISS 
3 4‘ < < Ly x 
QS) 2'o'sS t NE CONTACTOR OPERATING COILS 
* ) 
MANUAL SWITCH SELECTOR SWITCH d 5 4 
. ; , of ad oH 
TIME DELAY RELAYS TO!-2-3 o> = oe Z —- ok Kings 
' | =4 Ss kK SS = J ae gen 
r ' { ; t > e re = gers _ 
43 LK 42 LN 7s i 3 3 3 3 x # LXx4) 
e* ‘ L% % * ‘ a y. x3} 
oh ane AM ome AP att ¢ AA a by 
ra - 44! Magnet 44 3 £4ho) 
D3 4 “ 4 ym | +e 7 
‘ D2 Poy . ee To eares ‘ . 
‘oe Sed a + ait + LINE CONTACTOR CONTACTS | ee FP - ] 5 
¥ 5) a “e , yy ‘ i + | a) 
1@, } i : ¢ é ‘Sorte sm : 
P k k é AA 
HIGH SPEED RELAYS , A As A WBE gS Fi OR a A } .& 
2 ios . + 4 »><4 —e—+ oe |” . 
A A fp a) ~e4 —~+ id « | ~ 
ram ‘ (> iW ra cy r a *y ; “2 7) ‘ 
Re 4 Ae ¢ ° bi § He 4 4 4 Rd . ' ‘ ou ~ = how speed’ | 
; * + rys an t oa AS 5s * a | , , 'v) 4 High Speed | | 
eae ae ae pULrw » , 4 d » Aili A v ai b¢ “ ‘ 1 | ~ 
} ) a ae Ld 15 } } 4 + H a ampe Pe x a ayy | \ 
& Ag+ hh _A- Ap AA 4 ‘ ht . a oS on a J + Nae P | x 
4 ot +--+ +4 4 +4 4 ig He ; a ae Aa Pee tA>- 4 4 Tee af, n by °T7 ys low Speed Wingir Tw 
+) b+ sovacrome ff) ray +e whan! ¢ ¢ \ hayden 4d} hi a 4 Ss £¢ & 7 - ed ngs | | | S 
6/ @%) 6 + fe s SY 4! & a ih = fs & ’22Molor No./ 11 oN 
Lt =] Lt Lt _ ¢ £ $£.:00-1800RPM-12-25HP || 
] k Mf 4 + ” 4 J} | 
Po | A Motor N aa 3 
| J T t ? W? , ‘ 
MOTOR GROUPIN H3 H2 Hi ? @ & ey A y 
aree — } } } p { / FAN RELAY a fact High Speed part of Contactor 
aaialiatae {yt {13 y] fyt ht fr? CONTROLLER Mespeciive Low a 9 peed fingers are mechanically interlocked 
, J | l 4h perate ’ A toH ¥ connects tor poles for low speed 
\ I we [ + H/ operates fac t. ® J A connec poles for high speed 
n : ; ; r : Contacts GHPs@ erate Damper or Motors 2and 3 if their respective 
rf 4 4 far “Ta ir , _ or o , 
" x " a are at re Jaq would be three times the Contact FingersAto@ RI0 


lIGURE 27.—ScHEMATIC DIAGRAMS OF CARBON MONOXIDE 
TROLLER INSTALLED 





ANALYZERS, CARBON MoNoxiIpDE RECORDER, AND FAN Retay Con- 
IN THE WAWONA TUNNEL. 





150 


position if carbon monoxide concentrations become 
excessive. ‘Telephones are installed at each portal and 
in the center adit. They all are connected to the Na- 
tional Park Service switchboard in Yosemite National 
Park and provide a means of communication when 
necessary. 

Electrical energy for light and power is supplied by a 
hydroelectric plant at 2,300 volts, 60 cycles, 3-phase. 
It is transmitted to the tunnel through an overhead 
transmission line carried on steel poles. The trans- 
mission line is of considerable interest. It is approxi- 
mately 8,000 feet long and has numerous spans of 400 
to 600 feet between poles. One span is 1,200 feet long, 
with a difference in elevation of supports of 850 feet. A 
control room located in the central, or fan adit, houses 
the analyzers, recorders, switchboard, transformers, etc. 
The total load is 98.6 kilowatts, distributed as follows: 


Kilowatls 

Tunnel lighting -- 32. 1 
Ventilation___-_ ; 57. 5 
Analyzers, recorders 6. 5 
Signals, relays, controls 2.5 
Total_ 98. 6 


Inspection of all the apparatus is made every 48 hours. 

The necessity of artificial ventilation to augment 
natural draft is borne out in table 4 which shows carbon 
monoxide gas concentrations and traffic data for a 
12-hour period on May 30, 1937. . 


TABLE 4.— Carbon monoxide gas concentrations and traffic data for 
a 12-hour period on May 30, 1937 (Wawona tunnel)! 


Carbon 
monoxide 
ao in parts r . 
rime per 10,000 Praffic 
parts of 
air 
Ne eee , ae ‘ : = 0.3 125 
NSIS aa se ASI SII VEE Oe OS SS 4] 200 
I aac liane tiieteaatl 5 175 
i) Sf ae PAE RI = 3.3 | 250 
10 to 11 a. m Se ae ere ail siibesiedial ites : 5.6 350 
rr naa cohen Ataiieiaial iecmar 4.4 | 500 
|) iapenneee — feieanna 3.5 | 558 
lto2p.m anaediataichiied 6.1 615 
2to3 p. m_. 3.6 820 
IS EE 3.9 737 
4to5p.m_. 2.0 610 
ead tenet oe sha cies coeacea etalsaeciaace 2. € 400) 
Average or total_- eee aE AT A eee P ‘ 3.0 340 


1 Total power consumption for ventilation, lights, etc. for 24-hour period was 1,150 
kilowatt-hours. 


The total construction cost of the tunnel amounted to 
$563,729.31. Of this amount, $39,693.33, or 7 percent, 
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The index to volume 18 of Pusiic Roaps is now 
available. In addition to the index a chronological 
list of articles and a list of authors are given. The 
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was expended for ventilation and lighting 


equipment 
distributed as follows: 


Carbon monoxide analyzers, reeorders, ete SLO, OGL. 49 
Ventilation fans, motors, transformers, ete 8, 394. 95 
Lighting units, transformers, conduits, ete 6, 440. 89 
Automatie switchboard, relays, controls, ete 2, 184. 00 
Telephones, cable transmission line 1, 913. 00 
Warning signals, devices, cable, ete 1, 555. 00 
2,300 volt transmission line, power panel, ete 9, 144. 00 


Total 39, 693. 33 
The estimated traffic for the last 11 months of 1936 
was 167,830 vehicles and the operating cost amounted 
to $4,624.45, distributed as shown in table 5. 
The estimated traffic for the first 6 months of 1937 
was 102,993 vehicles and the operating cost amounted 
to $1,964.45, distributed as shown in table 6. 


TABLE 5 Power consumption and operation costs for lighting and 
ventilating Wawona tunnel, last 11 months of 1936 
I 4 
i! ' 
\I wr light ( i 
nd ve 
ki 
Februar ORO S104 
M iT 0, 700 4 
Apr I oe, O00 4 
fay 26, 810 402 
June 25, 270 STU. 
July 26, 240 3. 60 
August 26, 220 ( 
septel ber 23. O20 } ‘ 
October ] SU Ss 
Noven be ths ) 
December 4, 580 ‘ 
I 13, 830 “ } 
1 At $0.015 per kilowatt-hour 
? The cost of inspection, maintenance, and repairs (labor) was $1,609; the 
terial and supplies was $108; making a total cost of $4,624.4 


TABLE 6. Power consun plion and ope ration costs for lighting an 


ve nttlating Wawona t ennel, first 6 months of 1937 
Power cc 
| sumptio 
Montl or lighting ( 
ind vent 
lation 
Kilowa 
January 14, 270 $214 
February 10, 460 156. & 
March 11, 420 7 
April 12, 290 184 
May 21, 300 319 
June. 23, 890 L588 
I i 93, 630 4 
1 At $0.015 per kilowatt-hour 
2 The cost of inspection, maintenance, and repairs (labor) was $500; the cost 


terial and supplies was $60; making a total cost of $1,964.45. 


VOLUME 18, NOW AVAILABLE 


Indexes to volumes 6 to 17, inclusive, are also aval 
able and will be sent to Pustic Roaps subscribers upo! 
request. Indexes to volumes 1 to 5, inclusive, ha\ 
never been prepared and it is not expected that th 
volumes will ever be indexed. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. 


Department and as the Department does not sell publications, 


As his office is not connected with the 


please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
> cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935, 
> cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 


10 cents. 


HOUSE DOCUMENT NO. 462 


Part | Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2 Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3 Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4 Official Inspection of Vehicles. 10 cents. 

Part 5 Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6 The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


No. 191MP Roadside Improvement. 10 cents. 
-o. 272MP. . Construction of Private Driveways. 10 cents. 
-o. 279MP.. . Bibliography on Highway Lighting. 5 cents. 


ighway Accidents. 10 cents. 
1e Taxation of Motor Vehicles in 1932. 
tides to Traffic Safety. 


leral Legislation and Rules and Regulations Relating to 
lighway Construction. 15 cents. 


35 cents. 


10 cents. 
| 


: Economic and Statistical Analysis of Highway-Construction 
-xpenditures. 15 cents. 


1. zhway Bond Calculations. 10 cents. 


DEPARTMENT BULLETINS 
No. 1279D Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


No. 1486D Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 

No. 55T Highway Bridge Surveys. 20 cents. 

No. 265T Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 


No. 296MP Bibliography on Highway Safety. 


SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y Road Work on Farm Outlets Needs Skill and 


Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act 1.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act II].—Uniform Motor Vehicle Civil Liability Act. 

Act 1V.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 


Model Traffic Ordinances. 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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